The commonest causes are therefore portal cirrhosis and acute virus hepatitis. The cerebral disturbance is a diffuse one and careful examination reveals involvement of almost all parts of the brain.
The mental changes resemble those other organic dementias. The onset is insidious and often difficult to recognize when the observer has no previous knowledge of the patient. The patient may become drowsy or excited, paranoid or manic. Bizarre behaviour is shown by such incidents as vomiting in the bedroom shoes or mnixing rice pudding with meat. A clergyman under our care would become truculent and defaecate in the bath. Disorientation in time and space and other signs of confusion are followed by apathy, stupor and eventually coma resembling a deep sleep. The initial mentalsymptoms may be so severe that the patient is admitted to a psychiatric hospital, the underlying liver disease not being recognized.
The motor disturbance is characteristically shown by the flapping tremor reminiscent of the beating of a bird's wings. When the patient holds his arms in front of him with the fingers separated, rapid irregular movements occur in bursts, with flexion extension of the wrists and metacarpo-phalangeal joints. There is also a fine 6-9 per second tremor of the outstretched hands. The movements disappear in repose and are liable to be overlooked if the patient is only observed at rest and not asked to hold his hands in f ort of him. The tremor may be only transient, especially when the syndrome is associated with acute virus hepatitis. Rigidity of cogwheel type may be elicited. The tendon reflexes are exaggerated and there may be ankle clonus. The plantar responses are flexor. When coma is deep, the tendon reflexes may be diminished and the plantar responses extensor. Other neurological signs include mask-like facies, visual disturbances, ataxia, dysarthria and excessive salivation.
The electroencephalographic changes are well described by Foley et al. (1950) and reflect the diffuse cerebral change. There are bursts of bilaterally synchronous, symmetrical and high voltage two per second slow waves in the delta range. These are imposed on a normal alpha rhythm. These changes are occasionally found with other metabolic abnormalities of the brain, and are not entirely specific for hepatic coma. If the patient recovers, the EEG returns to normal.
Acute hepatic failure with virus hepatitis.-99-8 % of patients with virus hepatitis recover uneventfully. The unfortunate complication of severe liver cell necrosis is therefore rare and correspondingly difficult to recognize.
In the jaundiced patient mental disturbance provides the earliest warning of the grave turn of events. The patient becomes disorientated, confused and rambling. Faetor hepaticus and the "flapping tremor" are present. Jaundice is deep and persistent vomiting is a bad sign. The temperature rises. Daily percussion of hepatic dullness reveals shrinking of the liver under the right costal margin. If the illness is of longer than two to three weeks' duration ascites may be present.
Acute hepatic failure can also occur early in the course of virus hepatitis and is then extremely difficult to diagnose for jaundice is inconspicuous or absent. The predominant clinical features are mental and the patient may be admitted to a mental hospital without the hepatic disease being recognized.
Helpful diagnostic points are a history of epidemic jaundice in the community or recent injection therapy giving the opportunity for transmission of the hepatitis 'irus. There is anorexia, the liver edge is tender and percussion over the right lower ribs posteriorly causes are equally satisfactory.
Acute hepatic failure in portal cirrhosis.-When hepatic failure complicates chronic portal cirrhosis an effort must be made to determine any factor which has depressed liver function. Gastro-intestinal haemorrhage may have occurred from esophageal varices and evidence of haemorrhage must be sought. The bleeding is often slow and occult and melwna may be detected only by rectal exaniination. Acute infections such as pneumonia, minor surgical operations such as paracentesis abdominis and acute alcoholism are other possible precipitants.
When mental or neurological changes complicate well-documented cases of portal cirrhosis, the problem of recognition of the syndrome should not be difficult. Variable confusion, flapping tremor of the hands or arms, fJtor hepaticus, or stuportcan be detected by careful examination. Indeed, if the portal cirrhosis is well recognized, it is difficult to know what else could cause this strange, neurological picture. Difficulty in diagnosis lies, rather, when cirrhosis has not been considered as the underlying cause and the patient is believed to he suffering from one of the other organic dementias. A history of alcoholism or previous jaundice should be sought, and clinical features of cirrhosis should be noted such as mild jaundice, spider navi on the skin, palmar erythema, ascites, distended abdominal wall veins and enlargement of liver and spleen.
Rarely, the neurological changes in the cirrhotic patient are chronic and episodes of tremor, confusion, stupor and coma may occur for years before the correct diagnosis is made. This concept of "chronic intermittent hepatic coma" has only recently been recognized. In the intervals between the episodes, the patient may be almost normal. Deterioration can often be related to increased amounts of nitrogen-containing substances in the intestines.
Pathogenesis.-The essentially reversible change of this cerebral disturbance and its diffuse nature suggest that it is of metabolic origin and we shall discuss the possible toxic substances involved and the route by which they reach the brain. The syndrome can be induced by administering certain nitrogenous substances to a small proportion of patients with cirrhosis of the liver. These, substances include a high protein diet, ammonium chloride, urea, methionine, or choline. This suggests that the toxic substance is nitrogenous. The relationship to ammonia intoxication will be considered by later speakers but my own view is that, at the present time, there is not sufficient evidence to assume that ammonia toxicity is the cause of the neurological changes.
The toxic nitrogenous substance or substances can, however, be shown to be of intestinal origin. Observations using oral ammonium chloride as the test nitrogenous substance and the hepatic vein catheterization technique have shown two routes by which toxic substances of intestinal origin might reach the systemic circulation in patients with liver disease. In patients with severe hepatocellular disease (e.g. severe virus hepatitis) the failing liver allows the substances to pass unaltered into the peripheral blood. In patients with cirrhosis, in addition to impaired liver function, the presence of a collateral circulation delivers portal vein blood directly to the peripheral blood stream before it can be metabolized by the liver. The neurological syndrome can therefore be termed a portal systemic encephalopathy . When the liver is normal, I have not seen the syndrome develop even with very gross portal systemic shunting of blood (e.g. congenital portal venous obstruction). Its development in a patient with cirrhosis depends on a balance between the extent of the collateral circulation and the capacity of the liver to metabolize-toxic factors.
Fcetor hepaticus is often associated with the neurological syndrome and is probably also portal systemic in origin. The causative substance passes from the intestine into the systemic system by the same routes as I have outlined. The chronic low-grade pyrexia of cirrhosis may be of similar atiology.
Treatment.-These observations offer practical guidance in the treatment of the neurological complications of liver disease and of hepatic coma which is one of them (Table 1) .
Any possible depressant of liver function such as infection or hiemorrhage is treated. Dietary protein and any nitrogen-containing drugs are withdrawn and calories maintained Changes in Man and Animals with Portacaval Anastomoses The first recorded instance of a neurological disorder, following the construction of a portacaval anastomosis, was the report by McDermott and Adams (1954) . These authors described recurrent symptoms of confusion, stupor and coma in a patient, who had had a pancreatico-duodenectomy and portal-vein resection for carcinoma of the pancreas. The neurological disorder that followed this operation was clinically indistinguishable from hepatic coma. Attacks could be induced by the oral administration of a high protein diet, urea or ammonium chloride. At the onset of each episode, the concentration of ammonia in the peripheral blood was found to be greatly increased.
This syndrome of intolerance to a high protein diet in a patient with a portacaval shunt seemed analogous to the condition, which occurs in the Eck fistula dog, and is called "meat intoxication". Pavlov (Hahn et al., 1893) first made the observation that some of his Eck fistula dogs when fed on meat, developed a peculiar neurological syndrome characterized by ataxia and blindness, and later followed by coma, and sometimes convulsions, before death. The cause of "meat intoxication" has remained obscure, although high blood ammonia levels have been reported by some investigators (Matthews, 1922; Monguio and Krause, 1934) . A study was made of 19 attacks of "meat intoxication" both by forced feeding the Eck fistula dogs with meat and also in some instances by giving urea by mouth. It was found that when the symptoms developed the peripheral blood ammonia was raised to grossly abnormal levels. To determine whether ammonia was causally related to the onset of symptoms the following experiment was performed: The lowest blood ammonia level, which was associated with the onset of the symptoms of "meat intoxication", was determined in an Eck fistula dog. This level in one experiment was found to be 400 micrograms of ammonia-nitrogen per 100 ml. of whole blood. After an interval, when the dog had recovered, the blood ammonia level was raised to 400 micrograms by the intravenous injection of urease. The symptoms of "meat intoxication" were demonstrable approximately two hours after this blood level had been reached. This experiment, which was repeated on another animal, demonstrates that the symptoms are related to an abnormal concentration of ammonia in the blood . However, the method for the blood ammonia determination does not make it possible to distinguish between free ammonia and ammonia in loose chemical combination in the blood (Conway, 1950;  McDermott and Adams, 1954) .
Microscopical examination of the brains of the Eck fistula dogs, that had had "meat intoxication", showed the glial change, that was reported by Adams and Foley (1953) to occur in patients dying from hepatic coma, namely, hypertrophy and hyperplasia of the nuclei of the protoplasmic astrocytes.
]Up to the time that McDermott and Adams (1954) described the occurrence of neurological symptoms following a portacaval shunt, no account of this condition of "episodic stupor" had been recorded in patients, who had shunts performed for the relief of portal hypertension. Such cases have now been reported (McDermott et al., 1954; and it is probable that 10 % of patients who undergo shunt surgery for portal hypertension will develop one or more attacks of episodic stupor.
Observations on 9 patients, with cirrhosis of the liver, who developed hepatic coma after massive himorrhage from cesophageal varices showed that in these cases high blood ammonia levels occurred within several hours of the onset of the bleeding. During the ensuing forty-eight hours the blood ammonia level would fall to relatively normal levels, but the neurological state would change more slowly. This time-relationship between the blood ammonia level and the neurological state was similar to that seen in "meat intoxication" in the Eck fistula dog. Experiments on Eck fistula dogs have shown that the introduction of blood into the alimentary tract is followed by the occurrence of a great increase in the peripheral blood ammonia level, which is associated with onset of the signs of meat intoxication. It appears, therefore, that the presence of blood in the alimentary tract is the chief precipitating cause of hepatic coma following himorrhage from aesophageal varices.
Such a mechanism has been previously suggested by Gaustad (1949) .
The experiments on Eck fistula dogs and observations on patients with cirrhosis of the liver show that it is the deviation of the portal blood away from the liver which leads to the development of hepatic coma. It is suggested that ammonia either free in the blood or in chemical combination is a cause of the neurological symptoms observed in patients with naturally occurring systemoportal anastomoses or in patients with artificially constructed shunts. significant, but they depend on the accuracy of only two early readings.
In patients without liver disease, little ammonium is present in peripheral and hepatic /ein blood, although relatively high values are found in portal vein blood (Fig. 2) . This portal-hepatic vein difference reflects ammonium metabolism in the normal liver. The ammonium content of renal vein blood (mean value 1-4 ,ug./ml.) suggests that the kidneys may contribute to peripheral blood ammonium.
High blood ammonium levels were sometimes found in liver disease and were common in hepatic coma (Fig. 3 ). In patients with uncomplicated liver disease, mean values were not greatly elevated, but in those with neurological disorder very high mean levels were obtained. However, there was some overlap between the two groups and on two occasions hepatic coma was associated with a normal blood ammonium level. It appears likely, therefore, that disordered ammonium metabolism may allow ammonium to pass from the portal vein to the systemic venous circulation in some patients with liver disease. This can be demonstrated by taking simultaneous samples of blood from peripheral and hepatic veins following an oral dose of 3 0 grams ammonium chloride. Ammonium tolerance curves from patients with, acute hepatitis and cirrhosis differ from those obtained from subjects without liver disease undergoing cardiac catheterization for cardio-respiratory investigations (Figs. 4 and 5) . In patients with acute hepatitis, high fasting blood ammonium levels with an exaggerated and sustained rise in hepatic vein values were found. These changes were reflected at the periphery and showed that the diseased liver allowed ammonium from the portal vein to pass into the systemic venous circulation. In patients with cirrhosis, high fasting levels, exaggerated peaks and a delayed return to initial values occurred. Abnormal hepatic vein values showed the effect of impaired liver function, but the predominant abnormality was in peripheral vein levels and demonstrated the added influence of diversion of portal blood direct to the systemic circulation through collateral vessels. These findings suggest that blood ammonium levels in liver disease depend on liver function and the portal systemic shunting of blood. Whether shunting of portal blood in the absence of impaired liver function can produce high blood ammonium levels is uncertain. We have seen five patients with good liver function in whom occlusion of the portal vein diverted the entire portal blood flow through collateral channels. Blood ammonium levels were normal in every patient, so we believe that some impairment of liver function is necessary before elevation of blood ammonium values occurs.
The relationship between blood ammonium levels 'and neurological status at the'time of sampling is complex. The proportion of high values (above 2-0 ,ug./ml.) increases as neurological deterioration progresses, but 10 % of values are normal at every stage. Repeated estimations in individual patients during the terminal week of hepatic coma showed wide fluctuations which were unrelated to the clinical state. Values were abnormal at some stage in every patient, but normal readings were not uncommon.
Rarely, the signs of hepatic coma occur in a chronic form associated with an extensive portal collateral circulation and only mild impairment of liver function , and in these patients a correlation between neurological status, blood ammonium levels and the intake of nitrogenous substances can often be appreciated. Such patients have features similar to those described in some surgical cases by Mr. Riddell, but they represent only a restricted aspect of the. problem of hepatic coma.
These results demonstrate that ammonium from the portal vein may reach the systeniic venous circulation by passing through a diseased liver'or through portal-systemic collateral chaninels. This explains the high levels of blood ammonium in hepatic coma, but the significance of ammonium intoxication as a causal factor remains speculative. The application of blood ammonium estimation to clinical problems is limited by the laborious nature of the procedure, which involves timed pipetting of aliquots at the bedside and the determination of "normal" values by each laboratory, and by the difficulty experienced in interpreting normal or equivocal results. Recognition of the clinical sequence remains the most reliable diagnostic method, although blood ammonium levels above twice the normal figure will support the diagnosis where doubt exists. Other Possible Natritional Factors in the Production of Neurological Changes It is evident that hepatic coma should be grouped with other metabolic comas being reversible and not necessarily fatal. It does not, however, correspond with others in that there is as yet no specific laboratory finding and diagnosis is dependent upon the clinical history and signs. But although the clinical picture varying between tremor, asterixis, confusion, coma together with certain EEG findings is highly suggestive of liver disease, similar clinical pictures have been noted in conditions in which there was no obvious liver damage, although it could probably be postulated that liver function was not normal. -Foley and Adams (1953) noted the characteristic asterixis in 3 patients with polycythlemia and 3 with ur2mia.
We have encountered this syndrome in varying degrees of severity in four different groups of patients: in none was there evidence that the liver was the primary cause of their illness, but this does not deny the possibility that all may have had some upset in the metabolic function of the liver and, strictly speaking, it might be argued that they are not cases of hepatic coma. The only patient who had been seriously studied in the first group is a patient of Professor P. C. Cloake. Case L-A 70-year-old spinster, first seen four years ago on account of episodes of slurred speech and ataxia. Since this time, she has had a number of attacks lasting two to fourteen days, in one of which she was unrousable. In between these episodes she is able to lead a normal life and demonstrate that she has no intellectual deterioration though mild asterixis is always present. Investigations showed no abnormality in liver function test, liver biopsy, fat balance, blood count, pneumoencephalogram, angiogram, intestinal radiology, amino acid blood levels and amino acid excretion. Blood ammonia taken during the recovery phase of one episode was just above our normal level, but below those found in cirrhosis. EEG taken during the relatively normal phase, although still with asterixis present, is grossly abnormal with a predominance of theta waves 4-7 p./m.
In the second group are two patients in whom confusion, inco-ordination and asterixis took place in association with cyanosis and cor pulmonale. Case II.-A patient of Professor W. M. Arnott, a man of 51, has been followed for twelve months on account of a number of severe confusional episodes, mild emphysema, mild compensatory polycythemia and an expanding lesion of unknown nature in his lung. In his earlier episodes he bad been regarded as demonstrating the type of coma associated with a high arterial CO2. In between the episodes he has been well enough to return to work. On his last admission he was noted to be confused and to present the typical hepatic tremor affecting both the arms, legs and face. These tremors could be relieved by oxygen administration and increased when he was cyanosed. After ten days in hospital all the abnormal neurological features had disappeared. His liver function tests were completely normal. The diagnosis of the intra-pulmonary lesion is not yet clear, though it has been assumed to be a carcinoma.
Case III.-A patient of Dr. Paul Davison, a woman of 36, was admitted semi-comatose and cyanosed with right heart failure due probably to pulmonary hypertension. She demonstrated gross asterixis which disappeared completely after thirty-six hours in the oxygen tent and had not reappeared. She, in contrast to the previous case, was anxmmic with Hb of 9 grams/100 ml. Her liver function tests were completely normal.
In the third group are 2 patients with severe malnutrition. A group in which fatty livers and the role of the liver in producing comas might play a primary part. Case IV.-Man aged 30 who developed pancreatic atrophy and low serum proteins as a complication of partial gastrectomy and had a gradual downhill course over two years. During this period he had one episode of confusion of Wemicke's type associated with nystagmus and severe exacerbation of glossitis which was apparently related to the administration of antibiotics by mouth and methionine by vein. He also had two further episodes of mental confusion and increasing coma during which there was no evidence of electrolyte depletion. The first episode recovered spontaneously after seventy-two hours; the second proved fatal after forty-eight hours. Both were associated with a coarse tremor and with low blood sugars.
Case V.-Girl aged 18 with hypoproteinxmia, malnutrition and dehydration due to extensive regional enteritis, became semi-comatose following an exacerbation of her diarrhoea and general depletion of water and electrolytes. During the recovery phase choreiform movements affecting the legs, arms and face and slurred speech were present: full repletion of water and electrolytes led to the disappearance of the signs. During the next four montns two further episodes of diarrhoea led to the reappearance of these features. She died three vears later of pulmonary tuberculosis.
In the fourth group are 3 patients with the steatorrheea syndrome with no significant malnutrition. All were severely troubled at times with diarrheea. They underline the close intermingling of nutritional factors in producing their condition and the difficulty there can be in clearly delineating the boundaries, if boundaries there be, between the differing causes of coma, such as hepatic coma and Wemicke's. Their principal findings may be summarized:
Case VI.-Man aged 56. Idiopathic steatorrhoea. Had suffered intermittent diarrheea for many years, a macrocytic anemia for two years and episodes of mild mental confusion and unsteadiness of gait for six months. He presented tremor of hands-mild asterixis for some weeks before death in coma. There were no eye signs. Autopsy showed a normal liver, astrocytic hyperplasia and fibrosis around the 3rd and 4th ventricles together with some degenerative changes in the posterior columns. Case VII.-Man aged 36. Whipple's disease. Well until two years prior to death when he had severe fatty diarrhoea and some mental confusion for six months. He relapsed five months prior to death. There were no neurological features except moderate coarse tremor and mild asterixis. He had periods of mental confusion. He died in coma of forty-eight hours' duration. Autopsy showed intestinal features of Whipple's disease, normal liver histology and cerebellar atrophy.
Case VII.f-Man aged 72. Whipple's disease. Patient had been unable to work for fifteen years owing to difficulty in walking. For four years he had had attacks of diarrhoea. He was admitted owing to an exacerbation of diarrhoea and the finding of a mass in rectum. This proved to be nonmalignant. Following operation he was noted to be mentally apathetic and unable to concentrate though relatives stated that this state was little different to that before operation. He had signs in addition of posterior column and pyramidal tract lesions, moderate steatorrhoea and coarse tremor of his hands. Four weeks after operation, he deteriorated, marked asterixis was present for twentyfour hours before he lapsed into coma. Autopsy showed normal liver histology and intestinal findings compatible with Whipple's disease. The findings in the C.N.S. are not yet available.
Neither EEG nor blood ammonias were done on these patients but EEGs have been obtained on other patients with steatorrheea demonstrating diffuse abnormalities and the blood ammonia has been found to be raised in some patients with diarrheea and steatorrhoea. In none of the 3 patients did hypokalkmia or hypoglycaemia appear to play a role. In none of our patients have we made any detailed study on magnesium metabolism. It will be recalled that Flink and his colleagues (1954) have described the occurrence of low serum magnesium in cirrhosis of the liver and have described the clinical manifestation of this deficiency as being gross muscular tremor, athetoid and choreiform movements, and in the severe forms convulsions. It must be concluded that the neurological features of the syndrome will be found in many conditions when looked for.
In searching for fresh leads to unravel the cause of these comas we are at present studying the urinary excretion of certain phenolic and acidic compounds, some of which may have toxic effects (Aterman et al., 1953) . Patients with cirrhosis and most of the patients with steatorrheea excreted a large number of abnormal compounds of this type and that there is at least one compound-which as yet we have been unable to identify-consistently present in the severe cases, including the last 3 patients. I mention this work, not because I believe it is providing the answer to this metabolic upset, but because it illustrates the vast number of as yet unknown ways that metabolism can go wrong and produce these episodes of coma.
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clin. Med., 43, 169. Mr. G. Wooler: In the Department of Thoracic Surgery at Leeds we have seen 97 cases of portal hypertension. Uintil 1947 the patients submitted for surgery either had splenectomy performed or various operations to try to improve the collateral circulation between the portal and systemic venous systems. During 1947 we performed 6 portal systemic anastomoses (2 portacaval and 4 lieno-renal); 3 of these patients died in the post-operative period and we were not sure that the 3 which survived had in fact patent anastomoses.
On February 3, 1948, Allison first performed his "devascularization operation": since when 26 patients have had a similar type of operation. The object of this operation is to stop the blood getting intothe veins lying in the submucosa of the aesophagus and stomach which become varicose and bleed. The large collateral vessels which course over the surface of the stomach and cesophagus to the subphrenic veins and the azygos system are left intact to carry the portal blood. The veins passing from these collaterals through the muscle of the stomach and cesophagus are all divided between ligatures. The operation may be performed in two stages, but eventually the cesophagus and stomach are freed of all vessels from the level of the aortic arch to the pylorus. This operation increases the portal blood pressure and so produces the opposite result to a portal systemic anastomosis.
Results of 26 "devascularizations'": (a) 4 post-operative deaths: 2 due to mesenteric thrombosis, 1 to gangrene of stomach, and 1 to hkmopericardium.
(b) 6 post-operative complications: 1 patient became drowsy, but recovered and is now well. 3 developed ascites and abdominal discomfort, and 2 others had melkna. These complications were considered to be due to thrombosis in the portal system, and they all recovered after a course of anticoagulants.
(c) 4 patients have had recurrence of bleeding one to four years after this operation. During the past three years, 24 patients have had portacaval anastomoses performed (5 were end to side, and 19 side to side).
Results of 24 portacaval anastomoses: (a) 4 post-operative deaths. 3 died in coma, and 1 of mesenteric thrombosis. (b) Post-operative complications. 10 patients (other than (a)) became drowsy and showed signs of various stages of intoxication. 9 responded well to treatment and now have no symptoms. The other appears to have permanent mental damage, although this was present in a minor degree before the operation. One patient bled in the immediate post-operative period from an overdose of heparin.
(c) No recurrence of hkmorrhage.
The difference in the post-operative course of these two operations has been most striking. Portal systemic intoxication is rare after the devascularization operation but common after portacaval anastomosis. It usually occurs between the second and tenth post-operative days. It appears to be related to the shrinkage of the spleen and hxemolysis of the excess red cells which are poured into the circulation. This is the most critical period after the operation. Intoxication occurring later can be controlled by diet and treatment but not always in the post-operative period.
Last December I performed a portacaval anastomosis on a woman of 62 who was bleeding profusely at the time. The bleeding stopped immediately the clamps were removed and she remained well until the second day when she became drowsy and then passed into deep coma. She remained deeply comatose for another two days and her condition looked hopeless so I reopened her and placed a Blalock clamp across the anastomosis leaving the handle outside the abdomen. Within twelve hours of cutting down the blood flow she was completely conscious and remained so for another forty-eight hours. She then bled again and the clamp was opened. Six hours later she passed again into coma and eventually died.
Thus it appears that it is an advantage to be able to control the blood flow through a portacaval anastomosis during the critical days following the operation. I have designed a simple clamp which may be placed across the anastomosis and controlled by the handle outside the abdomen. It can be removed easily and I intend to use it on the bad risk cases, in the hope of preventing coma. Dr. Jonathan Gould: In the presentation of the clinical cases the syndrome referred to as neurological could better be presented as a psychiatric illness. It has all the features characteristic of a toxi-organic psychosis, for even though coma in this latter condition is not typical it occurs not infrequently in alcoholic psychoses. The precipitating factors mentioned by the first speaker are exactly comparable to those known to be precipitants in delirium tremens. In the patient described cinematographically the jactitations were similar to those in delirium tremens as were the facies and I noticed that his tongue was raw. I was not able to see, however, whether he exhibited other signs of vitamin lack. He did not, indeed have a true intention tremor for his finger quite accurately reached the end of his nose and trembled only thereafter. Hepatic coma has been described by the previous speakers as occurring with and without evidence of liver damage or disease; with uncomplicated malnutrition and with 4teatorrhoea; it has not, however, been described earlier in this Discussion in association with alcoholism in any of its grosser-forms although liver damage is common in alcoholism. The problem of nutritional factors other than the disturbed nitrogen metabolism in t-he causation ot hepatic coma has been stressed.
The high levels of blood ammonia have been shown principally to be an indicator of the metabolic upset which it is agreed exists in hepatic coma but the significance of the ammonia in the mental disorder has been challenged and its estimation has been abandoned as it has been shown not to be relevant to the changes in the general clinical picture.
We have been presented with a clinical conjunction of disturbed mental function leading often to loss of consciousness and even death in association with variable degrees of disturbed liver function. The liver is the largest body storehouse of the B vitamins and it, as was shown by Peters (1938) in the experimentally depleted animal, is the first organ to pick up injected vitamin B1. It is very closely followed in avidity in these experiments by the brain. The brain has a respiratory quotient of 1 and metabolizes essentially only glucose. For brain function and hence mental function to proceed normally this metabolism must remain unimpaired. For its adequate progress Barron (1939) has shown that a range, Qf -the B vitamins are'necessary to the enzymatic architecture and the netabhlic integrity of the brain cells. Sydenstricker (1943) showed that coma with curious neurolocal characteristics could ensue in a condition described as Acute Nicotinic Acid-Deficiency Encephalopa4y. TShe livet, too, has a parenchyma which must respire and it, too, has a high respiratory quotient. The brain indeed never lowers its respiratory quotient unless it is almost soaked in alcohol and then the patient is in coma. Quastel in 1939 and again in 1953 showed the relationship of the effects of barbiturate on the respiratory quotient of 'the brain aid tihdt these depressant effects were reversible by vitamin B1. My own approach to theb treatment of toxi-organic. delirium due to alcohol and/or drugs was described in this Society in 1953, and elsewhere (1955) . It involves the use of large quantities of vitamin C, the B group and glucose.
We have here discussed investigations aimed at finding a single product of deviated metabolism which acts as a toxin on the brain but I-suggest that it is very desirable and'most important to consider the protection of' the metabolic integrity, the enzymatic architecture and hence the intracellular carbohydrate respiration of both the brain and liver tissue. As Barron has indicated the B group vitamins and glucose are essential to this.,
In discussing the treatment of the patient going into coma after portacaval shunt I recall a case which I have published elsewhere (l953), who had been stibmitted to portacaval shunt and who had aesophageal varices. Forty-eight hours after operation he became acutely confused.. ,At that time I took his confusion to be due to anesthosia but the discussion tbis evening has shaken my opinion a little. However, this man was out, of confusion, clear and rational within fifty minutes with the aid of large amounts of vitamins. Qne of the functions of the liver is to convert ammonia to urea and this carboxylation process involves hydrogen transfer which is one of the functions of the B group vitamins in enzymatic form. The clinical conditions of the patients in which hepatic coma occurs suggest that there is, with chronically or acutely impaired health, slow or sudden depletion of the body_stores of the vitamin B group. It is conceivable that, in the conditions presented therefore the liver cell metabolism fails but at the same time intracellular brain carbohydrate metabolism, also depleted of its B-containing-enzymes, breaks down. Once this occurs a toxi-organic psychosis ensues.
